~" Sixty consecutive patients with a ruptured supratentorial aneurysm underwent operation during the acute stage, 56 of them within 72 hours after the first bleed, one on the 4th day, and three on the 5th day. Six patients were classified preoperatively in Hunt and Hess neurological Grade I, 39 in Grade II, 11 in Grade III, and four in Grade IV or V. Nine patients had severe intracerebral hematomas, and one patient had a subdural hematoma. After the aneurysm was clipped, nimodipine was applied to the exposed arterial segments in a 2.5 • 10-SM solution for l0 minutes. Subsequently, all patients received a continuous intravenous nimodipine infusion (2 mg/hr) for 7 to 12 days, followed by oral treatment (270 rag/day). Forty-six patients (77%) made a good neurological recovery; the morbidity rate was 22%, and mortality rate 1.5%. Of the 45 patients in good condition (Grades I to II) preoperatively, 38 (84%) made a good neurological recovery. Two patients (3% of the total series) developed a typical picture of cerebral ischemic dysfunction of delayed onset with subsequent fixed neurological deficits. The results favor the opinion that early operative intervention is beneficial in patients in good condition rather than delaying surgery, and indicate that nimodipine provides an additional anti-ischemic effect. The appearance and severity of late angiographic vasospasm did not seem to be affected by nimodipine.
T HE capricious appearance of delayed cerebral dysfunction in many patients with aneurysmal subarachnoid hemorrhage (SAH) 18 has been ascribed variously to the development of an arterial injury, to a sustained although reversible arterial contraction (vasospasm), to increased platelet aggregation, or to a combination of these events in the cerebral vessels exposed to subarachnoid blood) Vasospasm may affect the large cerebral arteries (visualized as angiographic vasospasm) and/or small arteries and arterioles in the pial membrane and within the brain parenchyma (not visualized on the angiogram). Many substances occurring in hemorrhagic cerebrospinal fluid (CSF) have been implicated in the etiology of cerebral vasospasm. 36 However, specific blockers have failed to reverse contractions induced by hemorrhagic CSF. 8 The ultimate effect of vasoconstrictor material in hemorrhagic CSF on the excitation-contraction coupling process of the smooth-muscle cell is the increase of intracellular free calcium. Consequently, it has been proposed that drugs affecting the influx of calcium to the vascular smooth-muscle cell should be used in order to counteract any late cerebral vasocontraction ("refractory vasoconstrictive arteriopathy "z2) after aneurysmal 5AH.2-7,9-15,t 7,3o,37
Nimodipine is a lipid-soluble substituted 1,4-dihydropyridine with vasodilatatory properties, which can pass the blood-brain barrier and selectively block the influx of extracellular calcium to cerebrovascular smooth-muscle cells. In 1979, Allen and Bahr 3 (with oral administration to dogs) and Bran&, et aL, 1~ (topical application in cats) first showed that the calcium entry blocker, nifedipine, dilates cerebral vessels in vivo, the dilatatory effect being inversely proportional to the resting vessel caliber. These authors proposed that calcium entry blockers may prove useful in preventing cerebral arterial spasm, especially since it was shown that nifedipine dilates cerebral arterioles also when the II Angiography in the acute stage in Case 2 revealed only the 5 x 12-mm MCA aneurysm, which was dipped. Control angiography disclosed a smaller ACoA aneurysm. Surgery 3 weeks later revealed it to have been the origin of the SAH.
tone is increased by the presence of blood in the subarachnoid space. 1~
Intravenous nimodipine infusion in cats in vivo resulted in a dilatation of cortical pial arteries. 6 Recently presented data from humans undergoing bypass surgery showed significant dilatation of pial arterioles, with a resting diameter of less than 70 um, 5 minutes after the beginning of intravenous nimodipine infusion? Topical in vivo application of nifedipine to ischemic cortex in cats caused a return of flow in small arterial branches in which stasis was present. ]o,]3 Nimodipine given intravenously (1 ug/kg body weight/min) to dogs subjected to complete cerebral ischemia for 10 minutes nearly doubled cerebral blood flow (CBF) in the delayed postischemic hypoperfusion period, and improved neurological recovery? ~ In rabbits, intravenous nimodipine (0.1 and 1.0 ug/kg) produced a selective increase in CBF and coronary blood flow, and blocked vasoconstrictor responses to sympathetic stimulation, hypocapnia, and hypertension, z~ A single 20-mg dose of nifedipine to patients with coronary heart disease resulted in a significant reduction of platelet aggregation and prolongation of the bleeding time, ]6 and oral treatment significantly inhibited acceleration of the platelet aggregation response to exercise in patients with angina pectoris. 21 In summary, several experimental studies have indicated a possible efficacy of calcium entry blockers of the nifedipine-nimodipine type to combat late cerebral ischemic dysfunction in patients with aneurysmal SAH. Furthermore, Allen, et al., 2 recently presented clinical and radiological data indicating that oral nimodipine treatment of patients with a ruptured intracranial aneurysm may reduce the occurrence of angiographic vasospasm as well as the occurrence of severe neurological deficits.
We have recently presented our results of early surgery for ruptured supratentorial aneurysm on patients in preoperative neurological Grades I to IlI (classified according to Hunt and Hess23)y -28'34 The present study gives our results in patients with ruptured aneurysms treated by early aneurysm surgery combined with nimodipine, given first as a continuous intravenous infusion and later given orally. Apart from nimodipine administration, the patients were treated exactly as reported in our previous studies.
Clinical Material and Methods

Clinical Assessment
With the exception that elderly Grade IV or V patients were not subjected to aneurysm surgery at the acute stage, this study comprised a consecutive series of patients who presented with a ruptured supratentorial aneurysm. The ruptured aneurysm was located on the right anterior cerebral artery (A1) in two patients, on the left pericallosal artery (A2) in one patient, on the anterior communicating artery (ACoA) in 20 patients, on the internal carotid artery (ICA) in 18 patients, and on the middle cerebral artery (MCA) in 19 patients.
Fifty-six patients were operated on within 72 hours after the bleed, one patient underwent surgery on the 4th day, and three patients had surgery on Day 5 post-SAH (patient's delay in all four cases). Fifteen patients had a history of arterial hypertension prior to the bleed. Six patients were classified preoperatively in Hunt and Hess 23 Grade I (Table 1), 39 in Grade II (Tables 2, 3 , and 4), 11 in Grade III (Table 5) , three in Grade IV (Table 6 ), and one in Grade V (Table 6 ). Of the 56 Grade I to III patients, seven had marked intracerebral hematomas; of the four patients in poor condition, two had intracerebral hematomas and one patient had a subdural hematoma (Table 6 ).
We also assessed our patients in Hunt and Hess Grades III to V according to the grading system proposed by Teasdale, et al. 33 According to that system, one patient was in Grade II, seven patients were in Grade III, one was in Grade IVa, three patients were in Grade IVb, and two patients were in Grade V (see Tables 5 and 6 ). The Glasgow Coma Scale (GCS) scores for these patients varied between 5 and 15 (see Tables  5 and 6 ).
Preoperative CT Findings
The amount of blood in the subarachnoid space was measured preoperatively on computerized tomography (CT) scans at 1 1 different loci: in the interhemispheric fissure, in the proximal and distal parts of the Sylvian fissure on both sides, in the suprasellar cistern and in the cisterns around the brain stem on both sides, and over the brain convexity on both sides. The thickness of the blood deposit was graded from 0 to 3, where 0 B. Ljunggren, et al.
represents no visible blood and 3 a very thick blood layer. For each patient, the mean value of the 11 measurements was calculated and allocated a score from 0 (no blood visible at any locus) to 33 (very thick blood layer in all loci). Expressed as CT scores, the degree of blood deposited was divided into three groups: + = 0 to 11 points, ++ = 12 to 22 points, and +++ = 23 to 33 points. The presence of intracerebral hematoma or subdural hematoma was denoted separately (see Tables 1 to 6 ).
Operative and Postoperative Procedures
Operation was performed via a standard pterional approach. An attempt was generally made to evacuate as much blood-contaminated CSF and clot as possible during surgery, although we did not perform such extensive uncovering of the cerebral arteries as described by Taneda. 32 After the ruptured aneurysm was clipped, an intravenous nimodipine infusion (0.5 ug/kg body weight/min at approximately 2 mg/hr) was started. In addition, the exposed arterial segments were bathed in a 2.5 x 10-SM nimodipine solution. The intravenous infusion was continued for at least 7 days postoperatively by the use of a low-dose infusion pump. After a w Duration of temporary clipping in minutes. II Case 12 made an uneventful initial recovery but later developed marked ventricular dilatation and had a shunt implanted 2 months after SAH. He is symptom-free and in his previous occupation, but is evidently shunt-dependent. ** Case 17 made an uneventful initial recovery, but had a poor outcome after a late secondary operation (see text). ?t Silk ligature was applied to an unclippable multilobulated aneurysm in Case 21. ,:~ Case 22 had two repeat bleeds immediately prior to surgery on Day 5. The CT score denotes blood on the second CT scan. w Case 38 also had evacuation of an intracerebral hematoma in the right frontal lobe. The aneurysm was opened deliberately after temporary MCA occlusion to facilitate dissection.
U The aneurysm in Case 39 was opened deliberately during temporary MCA occlusion to allow adequate positioning of a clip over the base of the collapsed sac. ** Case 41 also had clipping of an unruptured right MCA aneurysm 4 months later. This patient was readmitted 8 months after surgery because of left temporal abscess, which was opened, drained, and successfully treated with antibiotics.
ti" Case 42 also had clipping in the acute stage of unrnptured right anterior cerebral artery and internal carotid artery (ICA) aneurysms. Unrnptured left ICA and MCA aneurysms were clipped uneventfully 7 months later.
~$ Case 43 also had evacuation of an intracerebral hematoma in the right frontotemporal region. w167 Case 45 had had an SAH 4 89 years earlier, with negative cerebral panangiography at that time. (Tables 2 and  5 ), temporary arterial occlusion was performed. Temporary clipping was necessary either because of premature intraoperative aneurysm rupture, or to facilitate dissection of the aneurysm, or to allow occlusion of a broad-based large or giant aneurysm, which could be adequately clipped first when the aneurysmal sac had been cut open and collapsed. The temporary occlusion was performed with ordinary Ya~argil clips. The occlusion time of the MCA varied from 5 to 48 minutes.
Laboratory Tests
In all patients, standard laboratory tests, electrolyte and liver tests, and urine analysis were performed every 3rd day during the infusion therapy, and at the completion of oral treatment. Repeated blood samples were withdrawn from nine patients during intravenous nimodipine infusion and analyzed for the presence of ethanol or polyethylene glycol, the vehicles in the nimodipine solution.
Postoperative Control Angiography
The second angiogram was performed between Days 6 and 14 post-SAH (see Tables 1 to 4 ) in all but two patients (Cases 49 and 57). The angiographic findings were divided into three groups according to the system of MacPherson and Graham: 29 1) no vasospasm or very discrete or localized vasospasm (that is, less than onethird reduction in the caliber of one or several arteries as compared to the same vessel/vessels on the initial angiogram); 2) moderate vasospasm (that is, less than two-thirds reduction of arterial caliber); and 3) severe vasospasm (that is, more than two-thirds reduction of arterial caliber).
Follow-Up Studies
All patients were evaluated by an independent investigator 2 months to 1 89 years post-SAH. Patients without neurological or mental deficits were classified as having made good recoveries. Patients with minor or moderate deficits but who were independent were classed as having a fair outcome, as were neurologically intact but shunt-dependent patients. Patients who were at home although not independent were classified as having poor results, as were institutionalized patients with major deficits.
Results
No changes were found in the laboratory tests that could with certainty be attributed to the nimodipine treatment. Ten patients showed a transient and mild increase in liver transaminase levels. Neither ethanol nor polyethylene glycol could be detected in any of the investigated blood samples (lower limit = 1 mmol/liter; 0.1% = 21.7 mmol/liter). Preliminary results from plasma measurements of nimodipine revealed a steadystate concentration in the range of 12 to 35 ng/ml during intravenous treatment.
In the total series of 60 patients, 46 (77%) made a good recovery, the morbidity was 22%, and the mortality was 1%. The patients are further described below according to their preoperative neurological status.
Grade I Patients
The six Grade I patients (three with aneurysms of the MCA, two of the ACoA, and one at the ICA bifurcation) all showed a good neurological recovery and did not develop immediate or delayed neurological deficits. Five were normotensive and one was under medical observation for hypertension. A temporary clip was used in all three MCA aneurysm patients, in two of them because of premature intraoperative rupture. The occlusion time was 20 minutes in one patient with a clip on the proximal MCA immediately after the ICA trifurcation, and 6 and 11 minutes, respectively, in two patients with a clip on the distal MCA immediately before the bifurcation (main branch). In the hypertensive patient who was operated on in the acute stage for a right MCA aneurysm, the second angiogram revealed a smaller ACoA aneurysm, which was found at a second operation 1 month later to have been the origin of the SAH. Clinical and radiological data for the six Grade I patients are summarized in Table 1 .
Grade H Patients
Clinical and radiological data for the 28 normotensive and 11 hypertensive patients who were preoperatively in Grade II are shown in Table 2 (one aneurysm at A2, two at A,, and 13 arising from the ACoA), Table  3 (13 ICA aneurysms), and Table 4 (10 MCA aneurysms). Two patients (Cases 7 and 20) developed a picture of the typical "vasospasm syndrome;" that is, they suffered delayed deterioration, with fixed neurological deficits (FND, see below) . None of these patients showed symptoms of transient late cerebral ischemic dysfunction.
Temporary occlusion of the MCA was performed in six of the 10 patients with MCA aneurysm, with occlusion times varying from 5 to 47 minutes. Six patients (one ACoA, one ICA, and four MCA aneurysms) showed transitory deficits immediately after surgery. Three of these patients had been subjected to temporary occlusion of the MCA at a site immediately before the bifurcation (main branch) for a period varying between 7 and 47 minutes. Two patients (Cases 12 and 24) developed impaired outflow of CSF requiring a shunt procedure 3 weeks and 2 months post-SAH, respectively. They both recovered without neurological deficits.
Surgical trauma resulted in an unfavorable outcome in three patients. In one (Case 29) the trauma was due to occlusion of the anterior choroidal artery, and in another (Case 17) it was due to occlusion of the left pericallosal artery after a second late operation with repositioning of a clip, which at control angiography had been demonstrated to occlude the aneurysm incompletely. A third patient (Case 20), who had an ACoA aneurysm, had placement of a temporary clip on the right AI segment for 20 minutes. She was agitated and very confused in the postoperative period; in addition, this patient developed late left pericallosal infarction (see below). One patient (Case 35) had a postoperative third nerve palsy that became permanent. In summary, 38 (84%) of the 45 patients in good condition (Grades I and II) made a good neurological recovery. In five patients the results were only fair: in two due to CSF outflow impairment requiring a shunt operation, in one due to surgical trauma, and in one due to delayed cerebral ischemic dysfunction with permanent deficit. Two patients had left pericallosal infarcts, one due to surgical trauma at a late secondary operation, and the other as a consequence of ischemic dysfunction of delayed onset.
Grade III Patients
Clinical and radiological data for the nine normotensive and two hypertensive patients (four with aneurysms of the ACoA, three of the ICA, and four of the MCA) who were in preoperative Hunt and Hess Grade III are shown in Table 5 . This table also presents the GCS scores and grades according to the modified grading system proposed by Teasdale, et al. 33 According to this grading system, the patients in Hunt and Hess Grade III corresponded to Grade II of Teasdale, et al., in one patient, Grade III in eight patients, Grade IVa in one patient, and Grade IVb in one patient. The GCS scores in these patients varied between 12 and 15.
Two of the MCA aneurysm patients had temporary occlusion of the MCA at the main branch for 4 and 5 minutes without showing new deficits either of immediate or delayed onset. One MCA aneurysm patient (Case 53), who also had an intracerebral clot evacuated, showed transient deficits.
In one patient with an ACoA aneurysm (Case 46) in whom both anterior cerebral arteries were occluded intraoperatively for 11 minutes, CT in the acute stage (within 24 hours after SAH) revealed marked ventricular dilatation. A shunt was implanted 2 months later, and the patient was neurologically intact at follow-up examination. In an elderly patient with an ACoA aneurysm (Case 47), flow in the right pericallosal artery (A2) was impaired intraoperatively due to a clip being improperly placed for 35 minutes, resulting in a right pericallosal infarction seen on CT on the 2nd day after surgery.
In addition to an impaired state of consciousness after aneurysm rupture, one patient (Case 49) with a 3-cm thick interhemispheric and parenchymatous hem-B. Ljunggren, et al.
orrhage from a ruptured ACoA aneurysm showed transient focal neurological deficits. Two patients (Cases 48 and 52) initially had an uneventful course, but later developed gradual impairment; their deterioration was not attributable to ischemic dysfunction of delayed onset related to the anterior circulation (see below). In summary, six patients showed a good neurological recovery, two had a fair outcome, and three patients had a poor outcome.
Grade IV and V Patients
Clinical and radiological data for the four patients in poor condition (Hunt and Hess Grades IV and V), of whom one had an aneurysm arising from the ACoA, one from the ICA, and two from the MCA, are shown in Table 6 . This table also gives the GCS scores and grades according to the modified grading system proposed by Teasdale, et al. 33 All four patients showed a steady improvement without symptoms, indicating an additional cerebral ischemic dysfunction of delayed onset. None of these patients developed impaired CSF outflow.
One patient (Case 57) had a warning leak followed by two major bleeds from a ruptured ACoA aneurysm. On admission, he was in deep coma with paralyzed lower limbs and a GCS score of only 5. He had CheyneStokes respiration, small miotic pupils, and a rightsided conjugate deviation. Immediate CT showed thick layers of blood in the interhemispheric fissure and in both Sylvian fissures, and a ventricular hematoma. The patient had a ventricular catheter inserted. He had his third bleed during subsequent angiography, which also showed pericallosal dislocation from an intracerebral hematoma in the right frontal lobe. Prior to surgery the patient remained comatose; he extended his arms upon painful stimulation, whereas both legs were paralyzed. The intracerebral clot was evacuated in connection with clipping of the aneurysm. Postoperatively, he showed a steady improvement. One year after surgery, he was at home, with a slight mental deficit but no other symptoms.
The second patient in this group (Case 58) had Cheyne-Stokes respiration and a blood pressure of 220/ 120 mm Hg upon admission, after two repeat bleeds within 1 hour. An unruptured left MCA aneurysm was also clipped. He had recovered by his follow-up examination 4 months post-SAH, but hemianopsia persisted. The third patient (Case 59) also had an acute subdural hematoma evacuated. She showed a good neurological recovery without deficits, but vision in the left eye was reduced to light perception due to vitreous hemorrhages sustained in connection with the SAH. She was therefore classified as having a fair outcome.
The fourth patient (Case 60) was in stuporous condition, with a giant aneurysm of the left MCA and an intracerebral hematoma. He also had a right hemiparesis and aphasia. This patient also underwent evacuation of an intracerebral hematoma in the left tern- poral lobe. The aneurysm was opened deliberately after a 48-minute temporary occlusion of the left MCA immediately before the main branch to facilitate evacuation of intra-aneurysmal thrombus and ligature of the aneurysm base. In this case, a ligature was used instead of clipping. He tolerated the occlusion well, and finally made a good recovery.
Delayed Cerebral Dysfunction
In the 60 consecutive patients receiving nimodipine, the classical picture of "cerebral vasospasm" (namely, an initial postoperative recovery followed by an ischemic deterioration of late (delayed) onset) was encountered in two patients. One was a 63-year-old normotensive woman in Grade II (Case 7), who underwent surgery on Day 1 for a ruptured right A1 aneurysm and partial evacuation of a significant intracerebral hematoma in the mediobasal part of the frontal lobe seen on CT. An unruptured right MCA aneurysm was also clipped. This patient showed delayed deterioration with right hemispheric neurological dysfunction, and postoperative CT showed incomplete permanent evacuation of the clot. This patient had a deficit, and was classified as having a fair outcome.
The second Grade II patient with delayed cerebral dysfunction was a 59-year-old hypertensive woman (Case 20) . She rebled during preoperative angiography, with clinical deterioration and extravasation of contrast material at the site of a small ACoA aneurysm. Her condition improved and she was operated on after the second bleed on Day 2. At operation via a standard fight subfrontal approach, the right anterior cerebral artery was temporarily clipped for 20 minutes. This patient revealed delayed ischemic dysfunction and a left pericallosal infarction on late CT. She died of pneumonia 1 89 months later at another hospital. The presence of a left pericallosal infarction was confirmed at autopsy.
Two Grade III patients showed unchanged neurological status immediately after surgery, followed by deterioration. The clinical pictures in these two cases demand special evaluation. One patient was a 66-year-old previously healthy normotensive woman (Case 48), who experienced a marked weakness in her right lower limb after a major SAH, without loss of consciousness. The source of SAH was a ruptured small solitary ACoA aneurysm. Her condition deteriorated 8 days after SAH, with accentuated focal motor deficit and confusion, but angiography on Day 9 post-SAH showed no arterial narrowing and a patent ACoA. Repeat CT scans showed the development of a right cerebellar infarction. The second case was that of a 65-year-old normotensive man (Case 52), who had had a right oculomotor palsy diagnosed 8 years previously. He underwent surgery immediately after the third (?) bleed within 4 days. He showed a gradual delayed impairment of consciousness, which was associated with a bacterial meningitis, later followed by hydrocephalus demanding a secondary shunt operation 1 month post-SAH.
Late Angiography
The incidence of vasospasm on the postoperative angiogram is summarized in Table 7 . In 28 patients there was no significant vasospasm, whereas another 24 patients showed a moderate spasm. Severe vasospasm was encountered in three patients.
Discussion
Teasdale, et aL, 33 have emphasized that Hunt and Hess Grade III represents "an extremely common and crucial grade." They have proposed a modified scale for clinical assessment of patients with SAH which produces less inter-observer variability. 24 In the present study, the distribution among 56 Grade I to III patients was: 11% Grade I, 70% Grade II, and 19% Grade III patients. From these data, we conclude that the statement of Teasdale, et aL, 33 may be valid for SAH patients seen toward the end of the 1st week after aneurysm rupture, but is not valid for patients seen in the early recovery phase after SAH (that is, within the first 48 to 72 hours after the bleed). At this stage, Grade II represents the most common grade according to our assessment.
In the present study, ischemic cerebral dysfunction of delayed onset with fixed neurological deficits (FND) occurred in two patients (that is, in 3% of the total series or 4% of the 56 Grade I to III patients). We recently reported a study 27 of 137 Grade I to III patients not treated with nimodipine, but with operations within 72 hours after the bleed (including a standard procedure for evacuation of blood-contaminated CSF) identical with the approach used in the present study. In that series, we encountered a 13% total incidence of late cerebral ischemic dysfunction with FND; the incidence was 2% in 42 Grade I patients, 16% in 61 Grade II patients, and 21% in 34 Grade III patients. Taneda 32 reported an 11% incidence of FND in 70 Grade I to III patients who were operated on at the acute stage after rupture of a non-giant supratentorial aneurysm, in whom extensive and aggressive removal of subarachnoid blood along the cerebral arteries was performed. In another recent study ~9 of 131 patients who underwent CT scanning within 7 days of an aneurysmal SAH (115 of the patients underwent definitive surgery an average of 10.5 days after the ictus), it was shown that 33% of the patients showed a poor final outcome due to ischemic cerebral dysfunction of delayed onset, with FND. The incidence of FND gradually increased with increasing amounts of blood in the subarachnoid cisterns and cerebral fissures, as seen on the CT scans and expressed as a CT score from 0 to 9. Thus, 5% of the patients with a CT score of 0 developed FND while 90% of the patients with CT scores of 8 and above developed END. 19 The marked difference in the incidence of FND strongly indicates that operation in the acute stage, combined with intravenous nimodipine treatment, reduces late cerebral ischemic dysfunction to a minimum.
In addition, none of the four patients in poor preoperative condition (Table 6 ) demonstrated secondary impairment indicating a delayed cerebral ischemic dysfunction. Considering the fact that the risk for late cerebral dysfunction seems to increase with the severity of the patient's condition at the acute stage, it is noteworthy that none of the patients in Grade IV or V exhibited late dysfunction and infarction related to the anterior circulation.
The incidence and severity of late angiographic vasospasm was not obviously reduced with nimodipine treatment. Thus, when the angiographic results summarized in Table 7 are compared with data from aneurysm patients with early surgery (see Ljunggren, et al., 26 Table 4) , no obvious differences in the distribution and severity of late vasospasm are seen. There is no absolute correlation between delayed angiographic spasm and symptoms of late cerebral ischemia. Thus, cerebral ischemic dysfunction does not always have an angiographic correlate, and severe angiographic spasm may occur without coexisting ischemic symptoms. The present findings of a "normal" frequency of angiographic vasospasm but a reduced incidence of late ischemia give further evidence of no direct relationship between these two events, and focus on pathophysiological events in smaller vessels, not visualized on the angiogram. In this respect, it is of prime importance to consider the effects of calcium entry blockers with regard to vessel diameter. Previous experiments in cats have shown that there is a striking linear regression relationship between the dilatatory effect of nifedipine and arterial caliber, that is, an increasing dilatatory effect with decreasing vessel caliber.12 This suggests that the anti-ischemic effect of the analog calcium entry blocker, nimodipine, observed in the present study, may be mediated by a dilatatory effect on the resistance vessels (arteries not visualized on the angiogram). In accordance with this suggestion, Auer, et al., 7 found no significant dilatation of human cerebral arteries larger B. Ljunggren, et al.
than 70 gm in resting diameter after intravenous nimodipine infusion. Varsos, et al., 35 recently reported that intravenous nifedipine (1 mg/kg) did not reduce angiographic vasospasm in their "two-hemorrhage" canine SAH model. The lack of effect on larger cerebral vessels may also explain the absence of a significant fall in blood pressure in any patient in the present study. A question that deserves further exploration is whether dihydropyridines may exert anti-ischemic effects mediated by other mechanisms. , 6 In the present prospective study, the surgical procedures and the pre-and postoperative regimens were identical in all respects apart from the nimodipine treatment, and the operative procedures were performed by the same surgeons. Our advocacy of early surgical intervention for ruptured aneurysms 25-2s'34 is supported by the results of this study, which strongly suggest that good-risk patients with a ruptured supratentorial aneurysm should be operated on without unnecessary delay. Patients in Grade III, at least those with ICA or MCA aneurysms, and younger individuals in poor condition may also benefit from this approach. Intravenous infusion with nimodipine provides an additional anti-ischemic effect.
